
������
������������������� ����
��������
�������
�
����

�)1(/��!)"!+3��
�������,+$%#30��%)),2�

�����
���,.01&!)��������
���
����'()%

�1())%.*,��!.,����	�����
�����1%")!�����%-0%*"%.����	

�'%��
���
�#,))!",.!0(,+����	�!1$(�%0�!)�����
�(+'%(.,��1.0!$,�%0�!)����	�



SiSFe

H

He

.NE:�$$7�
�>CI:GB:9>6I:�

�$$C��$$'��$$+�

�
�&6H:C-)�ODD

1=::A:G�
���

(
�.JG6IID



;GDB�&
1
�1:>A:G

��H8:C6G>DH��	�H>C<A:�9:<:C:G6I:��
�������������������1����B6HH>K:�HI6G��

� � � ���	�9DJ7A:�9:<:C:G6I:����1���

#DBD<:C:DJH�7G><=IC:HH�V��DHBDAD<N

�*�L=>I:�9L6G;H�>C�7>C6GN�HNHI:BH�
688G:I>C<�B6HH�;GDB�6�8DBE6C>DC

�>;;:G:C8:H�9:E:C9>C<�DC�EGD<:C>IDG�
B6HH�ADHH�7:;DG:�:MEADH>DC

(
6H
H�
AD
HH $8���ADH:�7DI=�#�6C9�#:�:CK:ADE:H�

$7���ADH:�#�:CK:ADE:�
$$7��>CI:GB:9>6I:�7:IL::C�$$�6C9�$7�
$$����G:I6>C�:MI:GC6A�A6N:GH��#�6C9�#:�

(6HH>K:�HI6GH����ID����(HJC�

��E6I=H��	�H>C<A:�B6HH>K:�HI6GH���L>C9H�

� � ��	�7>C6GN�HNHI:BH�IG6CH;:GG>C<�B6HH

Thermonuclear

                   

-)�ODD



(DG:�B6HH>K:
�C9:GHDC�
�

DA9:G
�JBJA6I>K:�9>HIG>7JI>DCH�D;�AD86A�
HI6G	;DGB6I>DC�6I�-)�EDH>I>DC�;DG�
H:K:G6A�-)�INE:H�;GDB�#`�>B6<>C<

(DG:�B6HH>K:�HI6GH�=6K:�H=DGI:G�
A>;:I>B:H��6<:��6C9�I=:G:;DG:�
=6K:�A:HH�I>B:�ID�BDK:�6L6N�
;GDB�I=:�HI6G	;DGB>C<�G:<>DCH

�HHJB>C<�I=6I�6AA�I=:�HI6GH�>C�6�
8AJHI:G�=6K:�H>B>A6G�6<:H��BDG:�
6HHD8>6I>DC�ID�I=:�HI6G	;DGB>C<�
G:<>DC�86C�7:�JC9:GHIDD9�6H�
NDJC<�6C9�BDG:�B6HH>K:�HI6G

EGD<:C>IDG�8DCHIG6>CIH
!:L���-):�6C9�CD�-):�$6�9>G:8I�EGD<:C>IDG�9:I:8I>DC���:
<
�-B6GII�����

�AI:GC6I>K:�B:I=D9H�ID�8DCHIG6>C�EGD<:C>IDG�EGDE:GI>:H�� )0$,*)( ).



-)�$6�8DHBDAD<N

 BE>G>86A�G:A6I>DC�:C67A:H�I=:�HI6C96G9>O6I>DC

∆m15

-�+

-JAA>K6C�
�

-86II:G�P�


�B6<������������+G:8>H>DC�P�	��

 CK>GDCB:CI6A�:;;:8IH�6G>H:�6H�6�HDJG8:�D;�
HNHI:B6I>8�:GGDGH



W"AD76A�EGDE:GI>:H�
	 E=DIDB:IGN���>B6<>C<��

� � �#6BJN�����-JAA>K6C�
���'6BE:>IA�
����C9:GHDC���Q��
	 H>C<A:	6E:GIJG:��ADC<	HA>I�HE:8IGDH8DEN���<6A6MN�8DG:��

� � �+G>:ID������S�C9G:6�
����C9:GHDC�
�Q�

W'D86A�EGDE:GI>:H�
	 8:CIG6A�K6AJ:H���<G69>:CIH��

��� ���D>HH>:G�����"6A76CN�
�Q��
	 H>C<A:	6E:GIJG:���ADC<	HA>I�HE:8IGDH8DEN���-)�EDH>I>DC��

��������C9:GHDC�
��
���(D9?6O�

Q��

W$CI:<G6A�!>:A9�-E:8IGDH8DEN�
� � �-I6C>H=:K�
���&JC86G6N6@I>�
�67��"6A76CN�
��

-)�:CK>GDCB:CI6A�HIJ9>:H



CALIFA

SDSS

PINGS

NGC 628

The FoV issue
L=N�C:6G7N��I=:�!D0�>HHJ:

;GDB�-!-��DG�!!,*��Q



-I6C>H=:K�
���-):�$6�=DHI�<6A6M>:H��O��
�
	�
����L>I=�+(�-�++�&

-)�$6�=DHI�<6A6M>:H�L>I=�$!/



,><6JAI�
�

-);68IDGN�
-)$!-�
���-):��O��
��	�
���
-IJ9>:9�I=:�B6HH�HI:E�;JC8I>DC��P-JAA>K6C�EADI��
*CAN�JH:�-):�$6�>C�-!�<6A6M>:H

-)�$6�=DHI�<6A6M>:H�L>I=�$!-



$!-�D;�-)�=DHI�<6A6M>:H�>CAstronomy & Astrophysics manuscript no. IFU_P1_v6 c�ESO 2014
August 26, 2014

Nearby supernova host galaxies from the CALIFA Survey:

I. Sample, data analysis, and correlation to star-forming regions

L. Galbany1, 2, 3, V. Stanishev1, A. M. Mourão1, M. Rodrigues4, 5, H. Flores5, R. García-Benito6, D. Mast7,
M. A. Mendoza6, S. F. Sánchez8, C. Badenes9, J. Barrera-Ballesteros10, 11, J. Bland-Hawthorn12,

J. Falcón-Barroso10, 11, B. García-Lorenzo10, 11, J. M. Gomes12, R. M. González Delgado6, C. Kehrig6,
M. Lyubenova13, A. R. López-Sánchez14, 15, A. de Lorenzo-Cáceres16, R. A. Marino17, S. Meidt13, M. Mollá18,

P. Papaderos12, M. A. Pérez-Torres6, 19, 20, F. F. Rosales-Ortega21, G. van de Ven13, and the CALIFA Collaboration

(A�liations can be found after the references)

Received 31 July 2014 / Accepted ————-

ABSTRACT

We use optical Integral Field Spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005 < z < 0.03) provided by the Calar
Alto Legacy Integral Field Area (CALIFA) Survey with the goal of finding correlations in the environmental parameters at the location
of di↵erent SN types. In this first study of a series we focus our attention on the properties related with the star formation (SF). We
recover the sequence in association of di↵erent SN types to the star-forming regions by using several indicators of the ongoing and
recent SF related to both the ionized gas and the stellar populations. While the total ongoing SF is on average the same for the three
SN types, SNe Ibc/IIb tend to happen closer to star-forming regions and occur in higher SF density locations compared to SNe II and
SNe Ia, the latter showing the weakest correlation. SNe Ia host galaxies have on average masses that are ⇠0.3-0.8 dex higher than
CC SNe hosts due to a larger fraction of old stellar populations in the SNe Ia hosts. Using the recent SN Ia delay-time distribution
and the SFHs of the galaxies, we show that the SN Ia hosts in our sample should presently produce a factor 2 more SNe Ia than the
CC SN hosts. Since both types are in hosts with similar SF rate and hence similar CC SN rate, this can explain the mass di↵erence
between the SN Ia and CC SN hosts, and reinforce the finding that at least part of SNe Ia should originate from very old progenitors.
Comparing the mean SFH of the eight least massive galaxies to that of the massive SF SN Ia hosts we find that the low-mass galaxies
formed their stars over more extended time (0.65%, 24.46% and 74.89% in the intervals 0–0.42 Gyr, 0.42–2.4 Gyr and > 2.4 Gyr,
respectively) than the massive SN Ia hosts (0.04%, 2.01%, 97.95% in these intervals). We estimate that the low-mass galaxies should
produce by a factor of 10 less SNe Ia, and a factor of 3 less CC SNe than the high-mass group. Therefore the ratio between the number
of CC SNe and SNe Ia is expected to increase with decreasing the galaxy mass. CC SNe tend to explode at positions with younger
stellar populations than the galaxy average, but the galaxy properties at SNe Ia locations are one average the same as the global ones.

Key words. Galaxies: general – techniques: spectroscopic – (Stars:) supernovae: general – galaxies: star formation – galaxies:
stellar content

1. Introduction

Supernova (SN) explosions are one of the key processes that
drive chemical evolution of galaxies. Throughout their lifetime,
stars fuse lighter into heavier chemical elements in their cores
and the explosion towards the end of a star’s life is responsible
for dispersing the newly-synthesized heavy elements into the in-
terstellar medium (ISM). The next generation of stars form from
gas that has already been enriched by heavier elements. Thus,
starting from gas consisting of only H, He and a tiny fraction of
Li, the heavy element content of galaxies gradually increases to
the present-day value of ⇠ 2% (Pagel 1997; Matteucci 2012).

Despite their key importance, the exact physical mechanisms
that generate the explosions and the nature of the progenitor stars
of SNe are not fully understood. It is generally accepted that
in the final stages of their evolution, stars with initial masses
heavier than ⇠ 8 M� lose their outer envelopes explosively. The
explosion is triggered by the gravitational collapse of their heavy
iron core into a neutron star or a black hole (Bethe et al. 1979;
Arnett et al. 1989); these are collectively referred to as core-
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collapse SNe (CC SNe). The end product of stars with masses
between 3 and 8 M� is a degenerate carbon-oxygen (C/O) white
dwarf (WD) (Becker & Iben 1980). The upper mass limit of
C/O WDs is ⇠ 1.1 M� (Dominguez et al. 1999), but if such a
star can increase its mass to ⇠1.4 M�, thermonuclear reactions
can ignite in the center and the WD can be completely disrupted
in a very bright thermonuclear explosion leading to a type Ia SN
(SNe Ia, Hoyle & Fowler 1960). CC SNe disperse large amount
of intermediate mass elements (IME) such oxygen or carbon,
but most of iron-group elements synthesized remain locked into
the compact degenerate remnants. On the other hand, a SN Ia
produce little IME, are rich producers (⇠ 0.1�1 M�) of iron and
iron-peak elements (Mazzali et al. 2007).

In the past few decades, SNe Ia have become recognised as
important cosmological probes. They are the best cosmologi-
cal standard candles known to date. It was the observations of
SNe Ia that led to the discovery of the accelerating expansion of
the Universe and the dark energy (Riess et al. 1998; Perlmutter
et al. 1999). This was possible because the empirically estab-
lished tight "light curve shape - peak luminosity" relation allows
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ABSTRACT

We present the second study of a series using optical Integral Field Spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005
< z < 0.03) to characterize the environmental parameters at the location of di↵erent SN types. We increased the sample from Galbany
et al. (2014) with 9 new galaxies, which makes a total sample of 104 SNe of all types in 90 galaxies We have focused here on the
elemental abundances. Assuming the presence of metallicity gradients in galaxies, distance can be used as a proxy of the metallicity
at the explosion site. Our findings would mean that SNe Ibc/IIb can be found in metal-richer environments than SNe II. We found
di↵erences, although not significant, in the local oxygen abundances of type Ibc and type Ia compared to type II SNe. Once distances
are normalized to the disc e↵ective radius (r

e

), the metallicity gradient seems to be common, and di↵erences between the value at
the SN position and that obtained from the gradient can be established. We finally compared the values measured at the galaxy core,
SN position, and co-adding all the galaxy emission, finding significant di↵erences among them, especially for SNe Ia, which tend to
explode in metal-rich environments.

Key words. Galaxies: general – Galaxies:abundances – (Stars:) supernovae: general

1. Introduction

Supernovae have been classified observationally in di↵erent
types. Core-collapse supernovae (CC SNe) are the final stage
in the evolution of stars with large initial masses (> 8 M�),
that undergo gravitational core-collapse after having exhausted
their iron fusion supply, only 4-40 million years after being born
(Bethe et al. 1979; Arnett et al. 1989). The exact understanding
of their progenitor systems, and explosion mechanism remains
elusive. Depending on the loss of the outer envelope layers, CC
SNe can be divided into several subtypes in a continuous se-
quence: while type II SN progenitors keep all their layers, type
Ib lose the H envelope, being type IIb intermediate of those; type
Ic lose both H and He layers showing no evidence of any of these
elements in their spectra. These di↵erences can be explained in
terms of progenitor mass loss before explosion due to close bi-
nary interaction (Podsiadlowski et al. 1992; Eldridge et al. 2008)
or stellar radiation-driven winds (Meynet & Maeder 2003; Vink
2013).

Summary of G14 afirmant els resultats. Since CC SNe result
from young stars they are more related to star-formationm and
explode closer from their birth places (galbany et al. 2014) Since
their progenitors are massive short-lived stars, their explosion
rate directly reflects the on-going rate of star formation in their
host galaxies.

Type Ia supernovae (SNe Ia) are the result of thermonuclear
explosions of carbon-oxygen (CO) white dwarfs (WD), that ac-
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crete mass from a companion star in binary systems up to achieve
the Chandrasekhar mass limit of ⇠1.4 M� (Hoyle & Fowler
1960). SNe Ia have been used in cosmology to measure ex-
tragalactic distances, since their explosion model suggests that
they would produce homogeneous brightness. However, from
the observations they showed many heterogeneities. These dif-
ferences can be attributed to di↵erences in the mechanism that
drives the explosion, such as the nature of the companion star.
Since the progenitors of SNe Ia are degenerate stars, they are
supposed to live enough time to migrate around the galaxy, and
their observed properties are less related to the birth place than
to the surrounding environment at the explosion time. The local
star formation properties at their locations are on average similar
then the global properties of their host galaxies (Galbany et al.
2014)

In contrast to SNe Ia, the progenitors of some CC SNe types
have been detected in the local Universe, and their properties
are beginning to be constrained (Smartt 2009; Elias-Rosa et al.
2011; Maund et al. 2011), Type IIP SNe are supposed to be the
result of the explosion of red supergiants, type IIL, type IIn are
exceptionally seen with narrow lines, which result from interac-
tion between the ejecta and circumstellar matter, type IIb are a
chameleon class since they show at first hydrogen lines, but then
show helium lines, suggesting there is only a low-mass layer of
hydrogen on the surface, but all their envelopes contain a large
amount of H. Type Ibc SNe probably come from Wolf-Rayet
stars (gaskell et al. 1986, crowther 2007 Hammer et al. 2006),
where a large portion of their H-rich envelope is lost during the
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ABSTRACT

We use optical Integral Field Spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005 < z < 0.03) provided by the Calar
Alto Legacy Integral Field Area (CALIFA) Survey with the goal of finding correlations in the environmental parameters at the location
of di↵erent SN types. In this first study of a series we focus our attention on the properties related with the star formation (SF). We
recover the sequence in association of di↵erent SN types to the star-forming regions by using several indicators of the ongoing and
recent SF related to both the ionized gas and the stellar populations. While the total ongoing SF is on average the same for the three
SN types, SNe Ibc/IIb tend to happen closer to star-forming regions and occur in higher SF density locations compared to SNe II and
SNe Ia, the latter showing the weakest correlation. SNe Ia host galaxies have on average masses that are ⇠0.3-0.8 dex higher than
CC SNe hosts due to a larger fraction of old stellar populations in the SNe Ia hosts. Using the recent SN Ia delay-time distribution
and the SFHs of the galaxies, we show that the SN Ia hosts in our sample should presently produce a factor 2 more SNe Ia than the
CC SN hosts. Since both types are in hosts with similar SF rate and hence similar CC SN rate, this can explain the mass di↵erence
between the SN Ia and CC SN hosts, and reinforce the finding that at least part of SNe Ia should originate from very old progenitors.
Comparing the mean SFH of the eight least massive galaxies to that of the massive SF SN Ia hosts we find that the low-mass galaxies
formed their stars over more extended time (0.65%, 24.46% and 74.89% in the intervals 0–0.42 Gyr, 0.42–2.4 Gyr and > 2.4 Gyr,
respectively) than the massive SN Ia hosts (0.04%, 2.01%, 97.95% in these intervals). We estimate that the low-mass galaxies should
produce by a factor of 10 less SNe Ia, and a factor of 3 less CC SNe than the high-mass group. Therefore the ratio between the number
of CC SNe and SNe Ia is expected to increase with decreasing the galaxy mass. CC SNe tend to explode at positions with younger
stellar populations than the galaxy average, but the galaxy properties at SNe Ia locations are one average the same as the global ones.
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1. Introduction

Supernova (SN) explosions are one of the key processes that
drive chemical evolution of galaxies. Throughout their lifetime,
stars fuse lighter into heavier chemical elements in their cores
and the explosion towards the end of a star’s life is responsible
for dispersing the newly-synthesized heavy elements into the in-
terstellar medium (ISM). The next generation of stars form from
gas that has already been enriched by heavier elements. Thus,
starting from gas consisting of only H, He and a tiny fraction of
Li, the heavy element content of galaxies gradually increases to
the present-day value of ⇠ 2% (Pagel 1997; Matteucci 2012).

Despite their key importance, the exact physical mechanisms
that generate the explosions and the nature of the progenitor stars
of SNe are not fully understood. It is generally accepted that
in the final stages of their evolution, stars with initial masses
heavier than ⇠ 8 M� lose their outer envelopes explosively. The
explosion is triggered by the gravitational collapse of their heavy
iron core into a neutron star or a black hole (Bethe et al. 1979;
Arnett et al. 1989); these are collectively referred to as core-
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collapse SNe (CC SNe). The end product of stars with masses
between 3 and 8 M� is a degenerate carbon-oxygen (C/O) white
dwarf (WD) (Becker & Iben 1980). The upper mass limit of
C/O WDs is ⇠ 1.1 M� (Dominguez et al. 1999), but if such a
star can increase its mass to ⇠1.4 M�, thermonuclear reactions
can ignite in the center and the WD can be completely disrupted
in a very bright thermonuclear explosion leading to a type Ia SN
(SNe Ia, Hoyle & Fowler 1960). CC SNe disperse large amount
of intermediate mass elements (IME) such oxygen or carbon,
but most of iron-group elements synthesized remain locked into
the compact degenerate remnants. On the other hand, a SN Ia
produce little IME, are rich producers (⇠ 0.1�1 M�) of iron and
iron-peak elements (Mazzali et al. 2007).

In the past few decades, SNe Ia have become recognised as
important cosmological probes. They are the best cosmologi-
cal standard candles known to date. It was the observations of
SNe Ia that led to the discovery of the accelerating expansion of
the Universe and the dark energy (Riess et al. 1998; Perlmutter
et al. 1999). This was possible because the empirically estab-
lished tight "light curve shape - peak luminosity" relation allows
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ABSTRACT

We present the second study of a series using optical Integral Field Spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005
< z < 0.03) to characterize the environmental parameters at the location of di↵erent SN types. We increased the sample from Galbany
et al. (2014) with 9 new galaxies, which makes a total sample of 104 SNe of all types in 90 galaxies We have focused here on the
elemental abundances. Assuming the presence of metallicity gradients in galaxies, distance can be used as a proxy of the metallicity
at the explosion site. Our findings would mean that SNe Ibc/IIb can be found in metal-richer environments than SNe II. We found
di↵erences, although not significant, in the local oxygen abundances of type Ibc and type Ia compared to type II SNe. Once distances
are normalized to the disc e↵ective radius (r

e

), the metallicity gradient seems to be common, and di↵erences between the value at
the SN position and that obtained from the gradient can be established. We finally compared the values measured at the galaxy core,
SN position, and co-adding all the galaxy emission, finding significant di↵erences among them, especially for SNe Ia, which tend to
explode in metal-rich environments.
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1. Introduction

Supernovae have been classified observationally in di↵erent
types. Core-collapse supernovae (CC SNe) are the final stage
in the evolution of stars with large initial masses (> 8 M�),
that undergo gravitational core-collapse after having exhausted
their iron fusion supply, only 4-40 million years after being born
(Bethe et al. 1979; Arnett et al. 1989). The exact understanding
of their progenitor systems, and explosion mechanism remains
elusive. Depending on the loss of the outer envelope layers, CC
SNe can be divided into several subtypes in a continuous se-
quence: while type II SN progenitors keep all their layers, type
Ib lose the H envelope, being type IIb intermediate of those; type
Ic lose both H and He layers showing no evidence of any of these
elements in their spectra. These di↵erences can be explained in
terms of progenitor mass loss before explosion due to close bi-
nary interaction (Podsiadlowski et al. 1992; Eldridge et al. 2008)
or stellar radiation-driven winds (Meynet & Maeder 2003; Vink
2013).

Summary of G14 afirmant els resultats. Since CC SNe result
from young stars they are more related to star-formationm and
explode closer from their birth places (galbany et al. 2014) Since
their progenitors are massive short-lived stars, their explosion
rate directly reflects the on-going rate of star formation in their
host galaxies.

Type Ia supernovae (SNe Ia) are the result of thermonuclear
explosions of carbon-oxygen (CO) white dwarfs (WD), that ac-
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crete mass from a companion star in binary systems up to achieve
the Chandrasekhar mass limit of ⇠1.4 M� (Hoyle & Fowler
1960). SNe Ia have been used in cosmology to measure ex-
tragalactic distances, since their explosion model suggests that
they would produce homogeneous brightness. However, from
the observations they showed many heterogeneities. These dif-
ferences can be attributed to di↵erences in the mechanism that
drives the explosion, such as the nature of the companion star.
Since the progenitors of SNe Ia are degenerate stars, they are
supposed to live enough time to migrate around the galaxy, and
their observed properties are less related to the birth place than
to the surrounding environment at the explosion time. The local
star formation properties at their locations are on average similar
then the global properties of their host galaxies (Galbany et al.
2014)

In contrast to SNe Ia, the progenitors of some CC SNe types
have been detected in the local Universe, and their properties
are beginning to be constrained (Smartt 2009; Elias-Rosa et al.
2011; Maund et al. 2011), Type IIP SNe are supposed to be the
result of the explosion of red supergiants, type IIL, type IIn are
exceptionally seen with narrow lines, which result from interac-
tion between the ejecta and circumstellar matter, type IIb are a
chameleon class since they show at first hydrogen lines, but then
show helium lines, suggesting there is only a low-mass layer of
hydrogen on the surface, but all their envelopes contain a large
amount of H. Type Ibc SNe probably come from Wolf-Rayet
stars (gaskell et al. 1986, crowther 2007 Hammer et al. 2006),
where a large portion of their H-rich envelope is lost during the
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Aperture effects
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Metallicity gradients

 Type Ia SNe do 
not show a 
decrease in 
metallicity at larger 
distances

 CC SNe local 
metallicity have 
lower values in the 
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constel•lacions - L’estel matinal, Joan Miró, 1940
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